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1
BLOCK FLOATING-POINT
REPRESENTATION OF DATA SAMPLES

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is related to co-pending U.S. application
Ser. No. 12/570,104, filed Sep. 30, 2009, which is hereby
incorporated by reference in its entirety.

FIELD OF THE INVENTION

The present invention relates to a method and/or archi-
tecture for floating-point data generally and, more particu-
larly, to block floating-point representation of data samples.

BACKGROUND OF THE INVENTION

Fixed-point formats provide representations of numbers
having several digits. Decimal (or radix) points of the
numbers are fixed at a specific position among the digits. For
example, a seven-digit number with the decimal point posi-
tioned after the fifth digit can represent numbers such as
12345.67, 8765.43 and 123.00.

Floating-point formats provide representations of num-
bers having a several digits and decimal points that can be
placed anywhere relative to the significant digits of the
number. An advantage of the floating-point representations
over the fixed-point representations is that the floating-point
representations can support a wider range of values. For
example, the digit sequence 1234567 can represent multiple
floating-point numbers such as 1.234567, 123456.7,
0.00001234567 and 1234567000000000. However, the
floating-point formats use slightly more storage than the
fixed-point formats to encode the position of the decimal
(radix) point.

It would be desirable to have a representation format
available for numbers commonly experienced in image
processing that uses less storage space than the floating-
point formats and is not constrained to the positioning of the
decimal point, as in the fixed-point representations.

SUMMARY OF THE INVENTION

The present invention concerns a method for representing
a plurality of data samples. The method generally includes
steps (A) and (B). Step (A) may generate an exponent
common to all of the data samples using a circuit. Step (B)
may generate a plurality of mantissae based on the exponent.
Each of the mantissae generally corresponds to a different
one of the data samples.

The objects, features and advantages of the present inven-
tion include providing a method and apparatus for block
floating-point representation of data samples that may (i) use
less storage than common floating-point formats, (ii) allow
for variable placement of the decimal (radix) point, (iii)
reduce a size of digital pictures and/or (iv) support greater
pixel data accuracy in shadow areas than in bright areas.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects, features and advantages of the
present invention will be apparent from the following
detailed description and the appended claims and drawings
in which:
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FIG. 1 is a flow diagram of an example implementation of
a method in accordance with a preferred embodiment of the
present invention;

FIG. 2 is a flow diagram of a first example implementa-
tion of a quantization step in the method of FIG. 1;

FIG. 3 is a flow diagram of a second example implemen-
tation of the quantization step;

FIG. 4 is a block diagram of an example implementation
of a portion of a first apparatus;

FIG. 5 is a block diagram of an example implementation
of a portion of a second apparatus; and

FIG. 6 is a block diagram of an example implementation
of a portion of a third apparatus.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Floating-point representations are generally useful
because the precision used for large numbers may be lower
than the precision used for small numbers. For example, a
mass of an object may be expressed to a nearest gram for an
object of several kilograms. However, the mass may be
express to a nearest milligram for an object of about one
gram.

In some situations, a set (or group) of several numbers
may exist where the intended precision is low if any of one
or more of the numbers in the set are large. For example, a
digital camera sensor generally measures an amount of light
reaching the sensor at multiple pixels using a linear scale.
The linear scale may use N (e.g., 14) bits. Thus, the amount
of light received by each pixel may be represented as a value
between 0 and 2V-1 (e.g., 2'*-1=16,383).

The human visual system generally perceives much finer
absolute changes in light where the changes occur in dark
areas than in bright areas. Therefore, a finer precision may
be used to represent the pixel data in the dark areas than in
the bright areas. Use of the finer precision may not be based
only on the brightness of a particular pixel, but also on the
brightness of nearby pixels.

Embodiments of the present invention generally provide
a compression scheme that may represent a group (or block)
of numbers (or members). The representation may be
referred to as a “block floating-point representation.” Block
floating-point representations generally use a single expo-
nent for the group and each member of the group may have
a separate integer mantissa (also known as a significand). As
an example, consider the following base 10 numbers:
100.541, 200.21, 12.17777 and 5.3134. Representing the
above numbers with four mantissae and a single exponent
(e.g., —1) may result in the following: 1005x107*, 2002x
107!, 121x107* and 53x107*. The block floating-point rep-
resentation method generally uses less storage than conven-
tional floating-point representations because a single value is
stored for the exponent instead of N values for N exponents
corresponding to the N members of the set.

As another example, consider binary representations of
numbers in a range [0, 16383]. A full precision representa-
tion may use 14 bits per number. Using the block floating-
point representation, a block exponent may be represented
with a few (e.g., 3) bits in a given range (e.g., [0, 7]).
Additional bits (e.g., 7 bits) may be used to represent each
of'the mantissae in a range (e.g., [0, 127]). Therefore, a block
having 3+7+7+7+7=31 bits may be used to represent all four
numbers. Such a block generally has 7.75 bits/number.
Generally, the four numbers of the block may be represented
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by M1x25, M2x2F, M3x2F and M4x2F bits, where M1, M2,
M3 and M4 may be the mantissae and E may be the
exponent.

Referring to FIG. 1, a flow diagram of an example
implementation of a method 100 to convert a block of
numbers into the block floating-point representation is
shown in accordance with a preferred embodiment of the
present invention. The method (or process) 100 generally
comprises a step (or block) 102, a step (or block) 104, a step
(or block) 106, a step (or block) 108, a step (or block) 110,
a step (or block) 112, a step (or block) 114 and a step (or
block) 116. The method 100 may be implemented by a
circuit and/or a processor. The method may illustrate the
conversion of four numbers. Conversion of other sized
blocks may be implemented to meet the criteria of a par-
ticular application.

In step 102, the numbers (e.g., N1, N2, N3 and N4) may
be received by the circuit. Each of the numbers N1 to N4
may be an integer having a range of values (e.g., [0, 16383]).
The circuit may find a maximum number (e.g., A) in the set
of numbers in step 104. In the step 106, an intermediate
exponent (e.g., F) may be initialized to a default minimum
value (e.g., set to zero).

The maximum number A may be right shifted by F bit
positions (e.g., divide by 27 and drop the fractional part) and
compared with a mantissa threshold (e.g., 27-1=127) in the
step 108. If the right-shifted maximum number A is greater
than the mantissa threshold (e.g., the NO branch of step
108), the current value of the intermediate exponent F may
be checked in the step 110. If the intermediate exponent F is
less than an exponent threshold (e.g., 2°~1=7) in the step 110
(the YES branch), the intermediate exponent F may be
incremented in the step 112. After the step 112, the check of
step 108 may be repeated with the larger intermediate
exponent F (e.g., the maximum number A divided by a
bigger power of two).

If the check in step 108 determines that the maximum
number A right-shifted by F bits is not greater than the
mantissa threshold (e.g., the YES branch of step 108), the
method 100 may continue with step 114. If the check in step
110 determines that the current value of the intermediate
exponent F is not less than the exponent threshold (e.g., the
NO branch of step 110), the method 100 may continue with
the step 114. In the step 114, a block exponent (e.g., E) may
be set to the intermediate exponent F. The mantissae (e.g.,
M1, M2, M3 and M4) corresponding to the numbers N1 to
N4 may be computed in step 116. The computation of step
116 generally involves quantizing the numbers N1 to N4
using the block exponent E.

By way of example, consider a set of numbers 8573,
9034, 8863 and 9111 entered in step 102. The maximum
number A found in step 104 may be 9111. At step 106 the
intermediate exponent F may be initialized to zero. In step
108, a value of 9111/2°=9111 is compared with the mantissa
threshold value of 127. Since 9111 is greater than 127, the
intermediate exponent F may be checked in step 110 and
incremented to 1 in step 112. In the second pass through step
108, the value 9111/2'=4555 (after dropping the fractional
part) is still greater than 127. The loop around steps 108, 110
and 112 may continue until 9111/27=71 (after dropping the
fractional part)<127 and thus E=7 per step 114. Each of the
numbers 8573, 9034, 8863 and 9111 may be quantized in
step 116 to respective values of 66, 70, 69 and 71. Recon-
struction based on the values 66, 70, 69 and 71 may produce
respective values of (66x128)+64=8512, (70x128)+
64=9024, (69x128)+64=8896 and (71x128)+64=9152.
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Referring to FIG. 2, a flow diagram of a first example
implementation of the quantization step 116 is shown. The
first example implementation may be referred to as a step
116a. The step 116a generally comprises a step (or block)
120, a step (or block) 122, a step (or block) 124 and a step
(or block) 126. The step 116a may be implemented by the
circuit and/or processor performing the method 100.

In the step 120, a given number (e.g., N) among the
numbers N1 to N4 and the block exponent E may be entered
into the circuit/processor. An intermediate mantissa (e.g., B)
may be calculated in the step 122. The calculation generally
involves right-shifting (e.g., dividing by a power of two) the
number N by E positions (e.g., dividing by 2F and dropping
the fractional part). In the step 124, a quantized mantissa
(e.g., M) may be determined as a minimum of either (i) the
mantissa threshold or (ii) the intermediate mantissa B. The
quantized mantissa M corresponding to the given number N
may be presented from the method in the step 126. The
above steps may be repeated for each of the numbers N1 to
N4 in the block to generate the corresponding mantissae M1
to M4, respectively.

Reconstructing the numbers N1 to N4 from the block
floating-point representation generally involves using one of
multiple (e.g., 2) equations that may be selected based on the
block exponent E. If E=0, a reconstructed number (e.g., R)
may be calculated as R=2°xM=M. If E>0, the reconstructed
number R=(2%xM)+25. The calculation may be repeated
for each of the mantissae M1 to M4 in the block to generate
reconstructed numbers R1 to R4. A range of the recon-
structed numbers M1 to M4 in the example may be [O,
16320].

Referring to FIG. 3, a flow diagram of a second example
implementation of the quantization step 116 is shown. The
second example implementation may be referred to as a step
1165. The step 1165 generally comprises a step (or block)
130, a step (or block) 132, a step (or block) 134, a step (or
block) 136 and a step (or block) 138. The step 1165 may be
implemented by the circuit and/or processor performing the
method 100. The step 1165 generally includes a pseudoran-
dom process to calculate one or more pseudorandom num-
bers (e.g., D1).

The pseudorandom process is generally used to random-
ize quantization bins used in both a quantization process and
a dequantization (inverse quantization) process. The ran-
domization of the quantization bins may prevent sequences
of slowly-varying data sample values from creating distinct
contours in recovered sample values at the end of the
dequantization process. Randomization of the quantization
bins may be synchronized between a compression process
and a decompression process such that for each given
sample, both processes utilize a same randomized quanti-
zation bin to operate on the given samples. The pseudoran-
dom process generally establishes one or more sequences of
pseudorandom values. Pairing of the data samples with the
corresponding pseudorandom values may be based on one or
more of temporal positions of the data samples, spatial
positions of the data samples and/or frequency positions of
the data samples (e.g., data samples are transform coeffi-
cients).

Randomization of the quantization bins during compres-
sion may be achieved by adjusting the original data samples
with corresponding pseudorandom values prior to quantiza-
tion. For example, a quantized sample (e.g., Q) may be
calculated as Q=floor((X-D1(K))/S), where X may be an
original data sample, K may represent a temporal position,
a spatial position and/or a frequency position of the sample
X, D1(K) may be a pseudorandom value based on K, and S



US 9,423,999 B1

5

may represent a quantization step size. The function “floor
(A/B)” may choose the largest integer that is not smaller
than A/B (e.g., drop the fractional part). The randomization
process effectively offsets the positions of the randomized
quantization bins from the positions of the non-randomized
quantization bin. When applied to the block floating-point
representation, the quantized sample Q may be used as a
quantized mantissa M. Other adjustments may be imple-
mented to meet the criteria of a particular application.

Randomization of the quantization bins during decom-
pression may be achieved by adjusting decompressed
samples with the corresponding pseudorandom values as
part of the dequantization. For example, a recovered sample
(e.g., T) may be calculated as T=(SxQ)+C+D2(K), where C
may be a constant offset and D2(K) may be a pseudorandom
value based on K. In some embodiments, the pseudorandom
values D1(K)=D2(K) for all values of K. In other embodi-
ments, the pseudorandom values D1(K)=D2(K). Where
applied to the block floating-point representation, the recov-
ered sample T may be used as the reconstructed number R.
Other adjustments may be implemented to meet the criteria
of a particular application. Additional details regarding the
pseudorandom process may be found in co-pending U.S.
application Ser. No. 12/570,104.

In the step 130, a given number (e.g., N) among the
numbers N1 to N4, the pseudorandom number D1 and the
block exponent E may be entered into the circuit/processor.
In some embodiments, a different pseudorandom number D1
may be computed for each number N that is being quantized.
The pseudorandom number D1 may be (i) zero (not random)
if E=0 and (ii) generated in a range [-2%", 25"1+1] other-
wise. Table 1 below generally shows the range of the
pseudorandom number D1 for all values of E in the example:

TABLE I
MINIMUM MAXIMUM
E VALUE OF D1 VALUE OF D1
0 0 0
1 -1 0
2 -2 1
3 -4 3
4 -8 7
5 -16 15
6 -32 31
7 -64 63

A first intermediate mantissa (e.g., BO) may be calculated
in the step 132. The calculation generally involves (i)
subtracting the pseudorandom number D1 from the number
N and (ii) right-shifting (e.g., dividing by a power of two)
the difference (N-D1) by E positions (e.g., dividing by 2%
and dropping the fractional part). In the step 134, a second
intermediate mantissa (e.g., B1) may be determined as a
minimum of either (i) the mantissa threshold or (ii) the first
intermediate mantissa B0O. Due to the pseudorandom number
D1, the second intermediate mantissa B1 may have a nega-
tive value. Therefore, in step 136, the quantized mantissa M
may be determined as a maximum of either (i) zero or (ii) the
second intermediate mantissa B1. The quantized mantissa M
corresponding to the given number N may be presented from
the method in the step 138. The above steps may be repeated
for each of the numbers N1 to N4 in the block to generate
the corresponding mantissae M1 to M4, respectively. In
some embodiments, the same pseudorandom number D1
may be used to calculate all of the mantissae M1 to M4 and
recovered numbers R1 to R4. In other embodiments, differ-
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6

ent pseudorandom numbers (e.g., D1(K)) may be used to
calculate each corresponding pair of the mantissa M and the
reconstructed number R.

Reconstructing the numbers N1 to N4 from the block
floating-point representation with pseudorandom quantiza-
tion generally involves using one of multiple (e.g., 2)
equations that may be selected based on the block exponent
E. If E=0, the reconstructed number R may be calculated as
R=2°xM=M. If E>0, the reconstructed number R=(2ZxM)+
2514D2, where D2 may be the same pseudorandom number
D1 used to quantize the number N (e.g., D2=D1). The
calculation may be repeated for each of the mantissae M1 to
M4 in the block to generate reconstructed numbers R1 to R4.

The examples described above generally use four num-
bers in a given block. Other sizes of blocks may be imple-
mented to meet the criteria of a particular application. For
example, a block may contain two numbers and thus have an
average of (3+7+7)/2=8.5 bits/number. In another example,
a block may contain 16 numbers and thus have an average
of 3+(16x7))/16=7.1875 bits/number.

The examples described above generally use 7 bits to
represent each mantissa M. Other sizes of mantissa M may
be implemented to meet the criteria of a particular applica-
tion. For example, each mantissa M may be represented by
8 bits. Returning to the four numbers per block examples,
the block may average 8.75 bits/number and would more
accurately represent the numbers compared with the 7-bits
mantissa embodiments. For 8-bit mantissa embodiments, the
block exponent E may have a largest value of 6 to enable the
representation to span the full range of the 14-bit input
numbers N (e.g., 2° mantissax2® exponent to reach up to a
maximum value of 16,383). Therefore, even though the
block exponent E may be implemented as a 3-bit number
(that generally gives the block exponent E an available range
of values from O to 7), only block exponents E in a range of
0 to 6 are generally used.

Some embodiments may use only 6 bits in each mantissa
M. Therefore, the block exponent E may have values in a
range of 0 to 8 to represent the 14-bit input numbers N. In
some embodiments, the block exponent E may be repre-
sented with a 4-bit value. In other embodiments, the 3-bit
block exponent E may be considered to have a range of 1 to
8, instead of 0 to 7. Storing the block exponent E using 4 bits
may produce (4+6+6+6+6)/4=7 bits/number. Considering
the smallest block exponent E to be 1 may produce (3+6+
6+6+6)/4=6.75 bits/number.

In the above examples, the input numbers N were gen-
erally treated as 14-bit numbers. Other sizes of the input
numbers N may be implemented to meet the criteria of a
particular application. For example, the input numbers N
may be 8-bit numbers, 16-bit numbers, 32-bit numbers or
the like.

Referring to FIG. 4, a block diagram of an example
implementation of a portion of a first apparatus 160 is
shown. The apparatus (or system) 160 may be part of a
digital video camera or a digital still camera. The apparatus
160 generally comprises a circuit (or module) 162 and a
circuit (or module) 164. A signal (e.g., IN) may be received
by the circuit 162 at an input port. A signal (e.g., OUT) may
be generated and presented by the circuit 162 at an output
port. The circuit 162 may generate and present a signal (e.g.,
STORE) to the circuit 164. A signal (e.g., LOAD) may be
generated by the circuit 164 and presented to the circuit 162.
The apparatus 160 may be designed to implement the
method 100.

The circuit 162 may be implemented as a digital signal
processor (DSP) circuit. The circuit 162 is generally opera-
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tional to process pixel data received in the signal IN to create
compressed images in the signal OUT. The circuit 162 may
be fabricated in (on) a first die or first chip.

The circuit 164 may be implemented as an external
memory circuit. In some embodiments, the circuit 164 may
be designed as a dynamic random access memory (DRAM).
Other types of memory may be implemented to meet the
criteria of a particular application. The circuit 164 is gen-
erally operational to buffer data presented in the signal
STORE. The circuit 164 may also be operational to send
data to the circuit 162 in the signal LOAD. The circuit 164
may be fabricated in (on) a second die or second chip that
is different from the first die.

The circuit 162 generally comprises a circuit (or module)
166, a circuit (or module) 168, a circuit (or module) 170 and
a circuit (or module) 172. The circuit 166 may receive the
signal IN. The signal STORE may be generated by the
circuit 168. The circuit 170 may receive the signal LOAD.
The signal OUT may be generated by the circuit 172. The
circuit 166 is generally in communication with the circuit
168. The circuit 170 may be in communication with the
circuit 172. In some embodiments, the circuits 168 and 172
may be in communication with each other. In some embodi-
ments, the circuits 166 and 172 may communicate with each
other. The circuits 166 to 172 may be implemented in
hardware, software, firmware or any combination thereof.

Intermediate pixel data in digital cameras typically use
higher precision than the final pixels (typically 8-bit values)
computed by the digital camera. Block floating-point rep-
resentation may be used for the high precision intermediate
pixels in a number of places.

The circuit 166 generally implements a first processing
circuit. Processing performed by the circuit 166 may
include, but is not limited to, some noise removal (e.g., bad
pixel correction) and/or filtering. In some embodiments, the
circuit 166 may implement a null operation.

The circuit 168 may implement a compression circuit.
The circuit 168 is generally operational to compress the
pixel data received from the circuit 166 into the block
floating-point representation. The compression may be per-
formed according to the method 100. The circuit 166 may
write the resulting block floating-point representations into
the circuit 164 via the signal STORE.

The circuit 170 may implement a decompression circuit.
The circuit 170 is generally operational to decompress the
block floating-point representations received from the cir-
cuit 164 via the signal LOAD. The decompressed pixel data
may be presented in either fixed-point representation, float-
ing-point representation, integer representation or other
appropriate representation.

The circuit 172 may implement a processing circuit. The
circuit 172 is generally operation to perform other camera
functions such as white balance, demosaic and color cor-
rection. If partially processed data is to undergo additional
processing by the circuit 172 at a later time, the partially
processed data may be sent back to the circuit 168 for
compression and temporary storage in the circuit 164. Fully
processed data may be presented by the circuit 172 in the
signal OUT. The signal OUT may comprise a still image
(e.g., JPEG) and/or a video bitstream (e.g., ITU-R BT.656-
4).

Several reasons may exist in a given embodiment to store
information in the circuit 164. In a first case, circuit 172 may
process neighborhoods of pixels. For example, a demosaic
process may utilize pixels in a small neighborhood around
the current pixel being considered. The neighbor pixels may
be stored into the circuit 164 when available from the circuit
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166 and loaded back to the circuit 172 for subsequent
processing. Typically, temporary storage of the neighbor-
hood pixels may be done with line buffers. For example, if
the demosaic process operates on a 7x7 region, 6 line buffers
may be used in the circuit 162 so that the pixels around the
current pixel being processed may be efficiently accessed. If
a horizontal size of the line buffer is narrower than the
picture being processed, the picture may be processed in
vertical stripes (striping). However, because the pixel data
does not arrive from the sensor in stripes, the pixel data may
be initially stored to circuit 164 and later loaded back to the
circuit 162 in stripes.

In a second case, the circuit 172 may perform multiple
passes through each picture. Therefore, each picture may be
initially stored into the circuit 164. Copies of the picture may
subsequently be loaded back to the circuit 162 multiple
times.

In a third case, the signal IN may carry video data. High
resolution versions of one or more pictures may be parsed
form the signal IN by the circuit 166, compressed by the
circuit 168 and stored to the circuit 164 while the circuit 172
is performing video processing. During inter-frame/field
gaps in the video and/or after the video recording has been
stopped, the high resolution pictures may be loaded back to
the circuit 162, decompressed by the circuit 170 and pro-
cessed as a still picture by the circuit 172.

Referring to FIG. 5, a block diagram of an example
implementation of a portion of a second apparatus 180 is
shown. The apparatus (or system) 180 may implement a
digital video camera and/or a digital still camera. The
apparatus 180 generally comprises the circuit 166, the
circuit 168, the circuit 170, the circuit 172 and a circuit (or
module) 182. The circuit 182 may receive the signal STORE
from the circuit 168. The signal LOAD may be generated by
the circuit 182 and presented to the circuit 170. The circuit
182 may be implemented in hardware, firmware or any
combination thereof. The apparatus 180 may be designed to
implement the method 100.

The circuit 182 may be implemented as a line buffer
circuit. The circuit 182 is generally operational to store data
for the circuit 180 temporarily. Fabrication of the circuit 182
is generally in (on) the same die or chip as the other circuits
166 to 172. The circuit 182 may be used in similar fashions
as the circuit 164. Data may be temporarily stored in the
circuit 182 before, during and/or after processing by the
circuit 166 and the circuit 172.

Referring to FIG. 6, a block diagram of an example
implementation of a portion of a third apparatus 190 is
shown. The apparatus (or system) 190 may implement a
digital video camera and/or a digital still camera. The
apparatus 190 generally comprises a circuit (or module) 192
and a circuit (or module) 194. A signal (e.g., PCT) may be
generated by the circuit 192 and presented to the circuit 194.
The circuits 192 and 194 may be implemented in hardware,
software, firmware or any combination thereof. The appa-
ratus 190 may be designed to implement the method 100.

The circuit 192 generally implements a digital signal
processing circuit. The circuit 192 may be operational to
process still and/or video pictures. The circuit 192 generally
comprises the circuit 172 and a circuit (or module) 196. The
circuit 196 may implement a compression circuit, similar to
the circuit 168. The circuit 196 may be operational to
compress the image data received from the circuit 172 into
the block floating-point representation. The compression
may be performed according to the method 100. The com-
pressed information may be transferred from the circuit 196
to the circuit 194 via the signal PCT.
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The circuit 194 may implement a memory circuit. In some
embodiments, the circuit 194 may implement a FLASH
memory. The circuit 194 is generally operational to store the
still and/or video data received via the signal PCT.

Some digital cameras may store unprocessed or mini-
mally processed versions of the pictures in raw image files.
Raw image files may include, but are not limited to, the
“raw” format, the the “.tif” format, the “.arw” format and
the “fff” format. By including the circuit 196 in a design of
a digital camera, the raw image data may be compressed
using the block floating-point representation before storage
in the circuit 194. Therefore, more pictures may be stored in
the circuit 194 than if the pictures were in a raw format.

The functions performed by the diagrams of FIGS. 1-6
may be implemented using one or more of a conventional
general purpose processor, digital computer, microproces-
sor, microcontroller, RISC (reduced instruction set com-
puter) processor, CISC (complex instruction set computer)
processor, SIMD (single instruction multiple data) proces-
sor, signal processor, central processing unit (CPU), arith-
metic logic unit (ALU), video digital signal processor
(VDSP) and/or similar computational machines, pro-
grammed according to the teachings of the present specifi-
cation, as will be apparent to those skilled in the relevant
art(s). Appropriate software, firmware, coding, routines,
instructions, opcodes, microcode, and/or program modules
may readily be prepared by skilled programmers based on
the teachings of the present disclosure, as will also be
apparent to those skilled in the relevant art(s). The software
is generally executed from a medium or several media by
one or more of the processors of the machine implementa-
tion.

The present invention may also be implemented by the
preparation of ASICs (application specific integrated cir-
cuits), Platform ASICs, FPGAs (field programmable gate
arrays), PLDs (programmable logic devices), CPLDs (com-
plex programmable logic device), sea-of-gates, RFICs (ra-
dio frequency integrated circuits), ASSPs (application spe-
cific standard products) or by interconnecting an appropriate
network of conventional component circuits, as is described
herein, modifications of which will be readily apparent to
those skilled in the art(s).

The present invention thus may also include a computer
product which may be a storage medium or media and/or a
transmission medium or media including instructions which
may be used to program a machine to perform one or more
processes or methods in accordance with the present inven-
tion. Execution of instructions contained in the computer
product by the machine, along with operations of surround-
ing circuitry, may transform input data into one or more files
on the storage medium and/or one or more output signals
representative of a physical object or substance, such as an
audio and/or visual depiction. The storage medium may
include, but is not limited to, any type of disk including
floppy disk, hard drive, magnetic disk, optical disk, CD-
ROM, DVD and magneto-optical disks and circuits such as
ROMs (read-only memories), RAMs (random access memo-
ries), EPROMs (electronically programmable ROMs),
EEPROMs (electronically erasable ROMs), UVPROM (ul-
tra-violet erasable ROMs), Flash memory, magnetic cards,
optical cards, and/or any type of media suitable for storing
electronic instructions.

The elements of the invention may form part or all of one
or more devices, units, components, systems, machines
and/or apparatuses. The devices may include, but are not
limited to, servers, workstations, storage array controllers,
storage systems, personal computers, laptop computers,
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notebook computers, palm computers, personal digital assis-
tants, portable electronic devices, battery powered devices,
set-top boxes, encoders, decoders, transcoders, compressors,
decompressors, pre-processors, post-processors, transmit-
ters, receivers, transceivers, cipher circuits, cellular tele-
phones, digital cameras, positioning and/or navigation sys-
tems, medical equipment, heads-up displays, wireless
devices, audio recording, storage and/or playback devices,
video recording, storage and/or playback devices, game
platforms, peripherals and/or multi-chip modules. Those
skilled in the relevant art(s) would understand that the
elements of the invention may be implemented in other
types of devices to meet the criteria of a particular applica-
tion.

While the invention has been particularly shown and
described with reference to the preferred embodiments
thereof, it will be understood by those skilled in the art that
various changes in form and details may be made without
departing from the spirit and scope of the invention.

The invention claimed is:

1. A method for representing a plurality of data samples,
comprising the steps of:

(A) calculating a maximum value of said data samples in

a camera;

(B) generating an exponent common to all of said data
samples based on said maximum value and a threshold
value in an iterative sequence;

(C) generating a plurality of mantissae by quantizing said
data samples based on a plurality of randomized quan-
tization bins and said exponent, wherein each of said
mantissae corresponds to a different one of said data
samples;

(D) buffering a block containing said mantissae and said
exponent in a memory;

(E) converting said block as buffered in said memory into
a fixed-point representation; and

(F) processing said data samples as a picture after con-
version to said fixed-point representation.

2. The method according to claim 1, wherein said block
forms a block floating-point representation of said data
samples.

3. The method according to claim 1, wherein generation
of said mantissae includes generating a size signal having a
quantization step size corresponding to said data samples.

4. The method according to claim 1, wherein said iterative
sequence generates an intermediate value by dividing said
maximum value by increasing powers of two until said
intermediate value is less than said threshold value.

5. The method according to claim 1, wherein said iterative
sequence generates an intermediate value by dividing said
maximum value by increasing powers of two until said
power of two exceeds said threshold value.

6. The method according to claim 1, wherein the steps are
performed by processor executable instructions contained
within a non-transitory computer readable medium.

7. An apparatus comprising:

an interface configured to receive a plurality of data
samples in a camera; and

a circuit configured to (i) calculate a maximum value of
said data samples, (ii) generate an exponent common to
all of said data samples based on said maximum value
and a threshold value in an iterative sequence, (iii)
generate a plurality of mantissae by quantizing said
data samples based on a plurality of randomized quan-
tization bins and said exponent, (iv) buffer a block
containing said mantissae and said exponent in a
memory, (v) convert said block as buffered in said
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memory into a fixed-point representation and (vi) pro-
cess said data samples as a picture after conversion to
said fixed-point representation, wherein each of said
mantissae corresponds to a different one of said data
samples.

8. The apparatus according to claim 7, wherein said block
forms a block floating-point representation of said data
samples.

9. The apparatus according to claim 7, wherein said data
samples comprise pixel data.

10. The apparatus according to claim 7, wherein said
circuit is further configure to capture video containing said
data samples.

11. The apparatus according to claim 7, wherein said
block is stored in said memory within a raw image file.

12. The apparatus according to claim 8, wherein said
circuit is further configured to generate a plurality of pro-
cessed samples by performing said process on said data
samples after conversion to said fixed-point representation.

13. The apparatus according to claim 7, wherein said
process includes at least one of (i) a white balance process,
(i1) a demosaic process, (iii) a color correction process, (iv)
digital gain process and (v) a digital offset process.

14. The apparatus according to claim 12, wherein said
circuit is further configured to (i) compress said processed
samples into said block floating-point representation and (ii)
store said compressed processed samples in said memory.

15. The apparatus according to claim 7, wherein said
memory forms part of said circuit.

16. The apparatus according to claim 7, wherein said
memory is external to said circuit.

17. The apparatus according to claim 7, wherein said
mantissae are represented with at most 7 bits and said
exponent is represented with at most 3 bits.
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18. An apparatus comprising:

means for calculating a maximum value of a plurality of

data samples in a camera

means for generating an exponent common to all of said

data samples based on said maximum value and a
threshold value in an iterative sequence;

means for generating a plurality of mantissae by quantiz-

ing said data samples based on a plurality of random-
ized quantization bins and said exponent, wherein each
of said mantissae corresponds to a different one of said
data samples;

means for buffering a block containing said mantissae and

said exponent in a memory;

means for converting said block as buffered in said

memory into a fixed-point representation; and

means for processing said data samples as a picture after

conversion to said fixed-point representation.

19. The method according to claim 1, wherein said
plurality of data samples comprise at least four data samples.

20. The method according to claim 1, further comprising
the step of:

generating said randomized quantization bins based on a

pseudorandom process.

21. The apparatus according to claim 7, wherein said
iterative sequence generates an intermediate value by divid-
ing said maximum value by increasing powers of two until
said intermediate value is less than said threshold value.

22. The apparatus according to claim 7, wherein said
iterative sequence generates an intermediate value by divid-
ing said maximum value by increasing powers of two until
said power of two exceeds said threshold value.

23. The method according to claim 1, wherein said data
samples comprise pixel data.
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